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I. INTRODUCTION
The interpretation of the magneto-optical ͑MO͒ Kerr spectrum of spinel ferrites, and notably magnetite, has been a subject of debate. [1] [2] [3] Some authors have explained the part of the spectrum around 2.0 eV in terms of 3d crystal field transitions of Fe 3ϩ ions on the tetrahedral (A-) sites. 1 Others have assigned the major peaks in the MO-Kerr spectrum of Fe 3 O 4 to 3d n →3d nϪ1 4s orbital promotion processes. 2 The problem with these interpretations, however, is that they are based on forbidden transitions, whereas ͒. 3 As the Fe 2ϩ -Fe 3ϩ pair involved does not posses inversion symmetry, the parity selection rule is relaxed. Consequently, IVCT transitions should have much higher oscillator strengths than the transitions previously proposed.
We will show that IVCT transitions indeed explain the MO-Kerr spectrum of Fe 3 ͒. Finally, the usefulness of this understanding of the MO spectra of Fe 3 O 4 in the field of thin oxidic films will be discussed.
II. RESULTS AND DISCUSSION
To arrive at a consistent transition assignment for Fe 3 4 The diagonal element of the dielectric tensor was determined by ellipsometry between 0.5 and 5.0 eV. 5 The polar MO-Kerr spectrum was measured between 0.7 and 4.0 eV. 6, 7 From these spectra the off-diagonal element was calculated between 0.7 and 4.0 eV. Thus, for each sample the complete dielectric tensor was obtained, amounting to four spectra: ⑀ xx Ј , ⑀ xx Љ , ⑀ xy Ј , and ⑀ xy Љ . As these spectra consist of many overlapping bands, partly of opposing sign, 2,7 inspection of the spectra does not yield proper transition identification. To achieve this, rigorous fitting, using equations describing the basic line shapes of transitions in the microscopic theory of the dielectric tensor, 6 is needed. The complete dielectric tensor of Fe 3 O 4 and of the Mg 2ϩ -or Al 3ϩ -substituted Fe 3 O 4 were leastsquare fitted with one set of transitions for all samples. The criterion for a good fit was that the difference between the measured spectrum and the fit was on average less than 1% of the tensor element. 7 Trends in MO-peak intensity and energy shift could be established due to the variable degree of substitution. Furthermore, as Mg 2ϩ and Al 3ϩ both preferentially occupy only the octahedral site, we are able to establish the nature of the MO-active transitions. The key results are summarized in Fig. 1 Fig. 2͒ , and 360 nm. The polar Kerr spectra of these layers are distorted by interference. From the dielectric tensor of Fe 3 O 4 we were able to calculate the theoretical polar Kerr spectra of these layers ͑dashed line in Fig. 2͒ , thereby isolating the interference effects from true changes in the dielectric tensor. In the measured spectra ͑solid line͒ an energy shift and a reduced intensity for the IVCT transitions is observed. Based on the transition assignment for Fe 3 O 4 we could identify oxidation of part of the layer as the cause of these changes. Subsequent model calculations ͑leading to the dotted line in Fig. 2͒ enabled us to localize and quantify this oxidation to the upper 2-4 nm of the layer. 12, 13 Since the Verwey transition is often taken as an indication for the stoichiometric quality of Fe 3 O 4 , 14,15 we also determined the Verwey temperature, T V , of the 40, 115, and 360 nm thick layers on MgAl 2 O 4 ; see Fig. 3 . T V was identified through changes in resistivity, , with temperature, T. We take as a measure for T V the temperature at which the derivative of the /T vs T Ϫ1 is maximum. 16 For the 360 nm thick layer this leads to T V ϭ122Ϯ1 K, equal to the bulk value. For the 115 nm layer T V is 109Ϯ1 K. For the 40 nm thick layer a barely discernable T V at 107Ϯ1 K is found. In addition to the shift to lower transition temperature for thinner films, also a broadening of the transition and changes in the high temperature are found.
Oxidation of the total layer might lead to the observed reduction in T V .
14 However, the Kerr measurements point to an oxidized surface layer. The changes observed are, therefore, better explained by the influence of the substrate on the conductance of the film. As the perpendicular lattice parameter at room temperature of the 115 nm thick Fe 3 O 4 layer is 8.398Ϯ0.004 Å, which is within the experimental accuracy equal to the bulk lattice parameter, epitaxial strain is ruled out as the prime cause for the reduced T V in this case. However, the difference in thermal expansion coefficients between substrate and the Fe 3 O 4 film could give rise to the observed increased reduction of T V for thinner layers. Hence, as strain due to differences in thermal expansion coefficient influences T V , 17 this parameter may not be suited to assess the stoichoimetric quality of epitaxial thin Fe 3 O 4 layers. In addition, it does not provide depth dependent information as the Kerr spectrum does.
Finally, we wish to point out the importance of spectral variations in MO-Kerr effect ͑MOKE͒ experiments to determine the magnetic anisotropy in ferrite layers grown on a certain substrate. As an example we give the Kerr ellipticity and rotation at a wavelength ϭ514 and 633 nm versus the Fe 3 18 Figure 4 shows that ϭ633 nm ͑HeNe laser͒ and ϭ514 nm ͑the green line of an Ar ϩ laser͒ allow the polar MOKE detection of hysteresis loops down to 9 and 2.5 nm, respectively. We should remark that reliable hysteresis loops for anisotropy analysis are only obtained at somewhat larger thicknesses than those listed above, e.g., 12 nm for ϭ633 nm and 8.5 nm for 514 nm. The fact that 514 nm allows the detection at lower thickness is caused by several effects. We have found that interference shifts the MO-Kerr spectrum of thin Fe 3 O 4 layers to the blue; a capping layer may enhance this effect. Furthermore, the Fe 3 O 4 absorption is larger at shorter wavelengths. From Fig. 4 we conclude that for studies of wedged-shaped samples judicious selection of the wavelength is important.
III. CONCLUSIONS
We have found through systematic substitution with Mg 2ϩ and Al 3ϩ that the main transitions in the magnetooptical ͑MO͒-Kerr spectrum of Fe 3 
